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T he Canadian National Advisory Committee on Immunization (NACI) recommends human papillomavirus (HPV) vaccination for females aged 9-26 years (bivalent or quadrivalent vaccine) and males aged 9-26 years (quadrivalent vaccine) ( Figure 1 ). 1 All Canadian provinces and territories instituted school-based publicly funded quadrivalent HPV vaccination programs for females, albeit at different ages and dosing schedules. 2 To date, only Prince Edward Island, Alberta and Nova Scotia include boys in their school-based quadrivalent HPV vaccination programs. [2] [3] [4] [5] Recently, Manitoba and Quebec committed to expand their school-based HPV vaccination programs to include boys beginning in September 2016. 6, 7 However, moving to include boys in HPV vaccination programs across all Canadian jurisdictions is important to ensure equity in protection from HPV-associated disease for men. We examine the barriers to and opportunities for change in HPV vaccination policy by investigating the key factors that have influenced some provinces' decisions to incorporate boys into their programs, and we advocate for all jurisdictions to expand their HPV vaccination programs to include boys.
What is the burden of HPV disease?
Human papillomavirus is the most common sexually transmitted infection among Canadians. 8 That HPV infection causes cervical cancer in women is well known. It is also associated with anogenital warts, and cancers of the penis, anus, oral cavity, vulva, vagina and oropharynx. 1, 8 A growing burden of HPV-associated cancers in males, with an increasing incidence of anal and oral cancers, has been reported. 9, 10 Another serious, albeit rare, consequence of oral HPV infection is recurrent respiratory papillomatosis. 9 In developed countries, where screening programs for cervical cancer exist, some argue that the risk of HPV-related cancer is similar in both sexes. 11 Sexually active heterosexual men infected with HPV also represent a source of infection for women who have not been vaccinated.
Men who have sex with men (MSM) have been identified as a particularly high-risk group with increased susceptibility to HPV and HPVassociated diseases. [12] [13] [14] Preliminary evidence has also shown that HPV may increase risk of HIV acquisition. 15 These costly and burdensome conditions are preventable, 16 yet no programs of screening for HPV infection are currently available to males.
What is the efficacy of HPV vaccination?
Numerous randomized controlled trials have established the safety and efficacy of the bivalent and quadrivalent HPV vaccines, [17] [18] [19] which demonstrate strong immunogenicity in both sexes. 20, 21 Serious adverse events as a result of the HPV vaccines are rare, and most reported reactions are of pain at the injection site. 1, 21, 22 Both HPV vaccines' safety has been assured by the World Health Organization, the Centers for Disease Control and Prevention, the NACI and other international advisory committees. [23] [24] [25] In terms of the HPV vaccine's real-world impact, epidemiologic evidence has found significant reductions in HPVrelated infections (77% decrease in prevalence),
• The prevalence of human papillomavirus (HPV)-associated cancers in men is increasing, and males may transmit HPV to female partners.
• The HPV vaccine is safe and effective, and has demonstrated strong immunogenicity.
• A number of obstacles to uptake of the HPV vaccine in boys include not receiving a recommendation from a doctor or health care provider, lack of information about the HPV vaccine, negative attitudes toward the HPV vaccine or other vaccines, HPV being overidentified as a woman's disease, cost and logistical challenges.
• Some provinces have decided to fund the HPV vaccine for boys following clearer evaluation of cost-effectiveness models, reduction of vaccine costs, consideration of principles of equity and public advocacy efforts.
• Including boys in HPV vaccination programs across all Canadian jurisdictions will ensure equity in protection from HPV-associated disease for men.
reductions in genital warts (> 90% decrease) and reductions in high-grade cervical lesions in vaccinated female cohorts. 26
What obstacles may thwart HPV vaccination for boys in Canada?
In 2008, before the HPV vaccine was approved for boys by the NACI, one study examined the intention of 1381 Canadian parents to provide their sons with the HPV vaccine and found that 68% intended to vaccinate their sons. 27 However, in 2014, at a time when the HPV vaccine was available for boys, another study evaluated a national sample of 3117 Canadian parents of boys and found that only 5% of parents intended to vaccinate their sons and only 1% reported they had vaccinated their sons. 28 This discordance suggests obstacles to introducing the HPV vaccine programs for boys.
Misconceptions
Some of the identified obstacles to acceptance of the HPV vaccine by parents of boys include not receiving a recommendation from a doctor or health care provider, lack of information about the HPV vaccine, and negative attitudes toward the HPV vaccines or other vaccines. 27, 29, 30 A ban of the HPV vaccine in some Catholic schools 31 may have suggested that receiving the HPV vaccine contributes to sexual disinhibition and related adverse outcomes (e.g., younger age at first intercourse, increased number of sexual partners and reduced use of contraception). 27, 32 However, little evidence has been produced to substantiate these claims, 33 and Canadian parents rarely report these reasons as barriers to vaccination. 28 The media also contributes to influencing public opinion, and a number of sensational articles on the HPV vaccine have been published in Canadian media (e.g., a Toronto Star article that has since been retracted). 34
"A woman's vaccine"
Some have argued that a barrier to HPV vaccine uptake among boys is the "feminization of HPV," meaning that the HPV vaccine has been overidentified as a preventive tool for a woman's disease. 35 For example, Merck's "One Less" public campaign focused exclusively on prevention of cervical cancer. 36 Campaigns like these combined with the initial exclusive funding of the HPV vaccine for females may well have affected the public's perception of the vaccine as "a woman's vaccine," influencing both parents and doctors. A recent content analysis of Canadian media showed that less than half of print articles on the HPV vaccine reported on male eligibility and fewer reported on schoolbased programs for boys. 37 It is therefore unsurprising that in 2014 more than half of Canadian parents were unaware that males could receive the HPV vaccine. 28
Belief in herd immunity
As it became clearer that HPV-associated diseases are also problematic for boys, policy-makers anticipated that the female-only HPV vaccination programs would confer protection to males. 16, 38 Indeed, a 2015 systematic review and meta-analysis of population-level effects in highincome countries found that female vaccination has led to reductions in anogenital warts in males, supporting the idea of herd immunity. 39 However, as discussed below, there are some important limitations to reliance on female immunity.
Cost
A potential obstacle to HPV vaccine uptake among boys in many provinces is the cost of the vaccine. The estimated price for each dose of the vaccine is about $150, and multiple doses are recommended. It has also been argued that when the government does not fund a vaccine, Canadians may perceive vaccination as superfluous or nonbeneficial. 40 Furthermore, when a vaccine is not provided as part of a government-funded, school-based program, parents must negotiate the logistical challenges of arranging vaccination themselves (e.g., scheduling appointments and making private insurance claims). The cost of the HPV vaccine has led to hesitation on the part of policy-makers when considering provincial vaccination programs for boys. As BC provincial health officer Dr. Perry Kendall explained, "There's no question that if the vaccine was cheap and affordable ... we would reconsider the option." 41 Some provinces have not expanded the HPV vaccination program to boys citing poor cost-effectiveness. 42, 43 Indeed, multiple early modelling studies reported that vaccinating boys is less costeffective than achieving high uptake rates in females. 44, 45 However, many early economic models did not account for marginal administration costs, inadequate uptake rates in females, the burden of noncervical diseases (e.g., including oral cancer and genital warts), the MSM population, sexual exploration with same-sex partners, individuals engaging in sexual activity outside their country or "herd," or the recent recommended shift from three to two doses of the vaccine. 46, 47 What new evidence could support more widespread HPV vaccination programs for boys?
Factors particularly relevant to some provinces' decision to fund the HPV vaccine for boys have been closer evaluation of cost-effectiveness models, reduction of vaccine costs, consideration of principles of equity, and public advocacy efforts.
A 2009 review of the cost-effectiveness of the HPV vaccine in developed countries cautioned that the incremental effectiveness of vaccinating males varies when coverage rates in females is low (e.g., < 80%). 44 Unfortunately, female vaccination rates are not consistently reaching levels that would confer adequate protection via herd immunity in many Canadian provinces. 2 Although vaccination completion rates fluctuate annually, rates of HPV vaccination among females were 61% in Alberta in 2011/12, 76% in Nova Scotia in 2011/12 and 85% in PEI in 2013/14. 2, 48 Many modelling studies do not consider that Canadian men will not be protected if they have sexual contact with individuals from countries without an HPV vaccine program or with an HPV vaccine program that has very low uptake rates (e.g., Japan). 49 Contradicting earlier modelling studies, 44,45 some recent economic analyses have suggested that routine HPV vaccination for boys is costeffective. 46, 49 A 2015 study reported that offering the HPV vaccine to Canadian males could save $8 million to $28 million over the lifetime of the modelled cohort, 50 but, crucially, this study did not model for the indirect protection that heterosexual males would receive from HPV vaccination in females through herd immunity. Notably, important differences exist in the methods and modelling assumptions used different modelling studies. 44, 46, 50 Disparities largely depend on the assumed vaccine and administration costs, whether cost reductions related to all HPV-related diseases were considered, whether the MSM population was considered, assumed sexual behaviour and partnership duration, and whether female coverage was suboptimal. 16, 47 Clearly, it is important to closely evaluate the particulars of different cost-effectiveness models. Future cost-effectiveness analyses of male HPV vaccination should also examine the newly licensed non-avalent vaccine that will protect against five additional oncogenic types of HPV. 51
What can be done to overcome the cost barrier?
A key factor in ensuring that provinces will fund vaccination of boys is reducing the cost of the vaccine. Engaging in vaccine price negotiations with pharmaceutical companies will help, particularly if provinces collaborate to do this. In addition, the WHO and NACI have now changed their recommendation to suggest adequacy of two (rather than three) doses of the bivalent and quadrivalent HPV vaccine for nonimmunocompromised children 9-14 years of age. 25, 52 This will reduce the costs of male HPV vaccination by one dose per child, with attendant administrative cost savings. The province of Manitoba's commitment to offer the quadrivalent HPV vaccine to boys (as of September 2016) was accompanied by the decision to change from a three-to two-dose schedule. 53 Given that $300 million of federal government funding was important in initiating female HPV vaccination programs across the provinces in 2007 (Figure 1) , 54 further federal funding could help to support a national vaccination strategy for boys.
What about equity?
It is important to note that not all vaccination programs are cost-effective. As noted by Stanley, 10 "vaccination against meningococcal infection in children is not cost effective, for example, but society accepts it because the prevention of such a serious disease is a worthwhile public-health goal." The group most obviously affected by the exclusion of boys from HPV vaccination programs is MSM, a group known to have higher rates of HPV infection. 1, 2, 22 Excluding boys discriminates against their well-being. In 2014, UK policy-makers suggested closing this gap by offering funded vaccination to men between 16 and 40 years of age who identify as gay or bisexual in genitourinary medicine and HIV clinics. 55 In July 2015, British Columbia also announced plans to provide the quadrivalent HPV vaccine to MSM and "street-involved" boys. 56 However, targeting gay men creates further ethical dilemmas, including failing to provide MSM with optimal immunity that is conferred if the vaccine is administered at a young age (many men may not identify as gay or bisexual until their twenties or thirties), requiring young men to openly identify themselves as MSM to receive health services, confronting difficult issues regarding consent, instituting a policy that may stigmatize gay individuals, and excluding heterosexual males who remain at risk. 57 Some argue that the female-only HPV vaccination policy discriminates not only against MSM, but against all males. 10 Men, particularly those who are uninsured and cannot afford the vaccine without public programs, will have reduced access to the health benefits of HPV vaccination.
What about public advocacy?
Advocacy efforts have been instrumental to extending the HPV vaccination programs to males. The Canadian Cancer Society has called for vaccination of "boys and young men between the ages of nine and 26 ... to help reduce their risk of HPV-related cancers and genital warts." 58 HPV Canada has also emphatically supported HPV vaccination for boys. 59 The medical community has advocated for HPV vaccination for boys, and, as reported by CBC News, the Canadian Medical Association "strongly supports the call for public funding" for vaccination for both sexes. 60 The Canadian Paediatric Society has also recommended male HPV vaccination to parents, 61 and the Canadian Pharmacists Association recently released a strong statement that "the lack of access to HPV vaccination programs for young men in Canada is needlessly putting the health of Canadians at risk." 62 Similarly, the newsletter of the BC Pediatric Society recently encouraged its readers to write to their local member of the legislative assembly (MLA) to voice support for expanding HPV vaccination programs to include all boys. 63 Advocacy efforts within the government have been particularly important to instituting policy change. For example, MLA Gordon Gosse, who was diagnosed with throat cancer, was influential in having the HPV vaccine program extended to boys in Nova Scotia. 64 Such advocacy will continue to be extremely important in influencing policy change across other Canadian jurisdictions.
Conclusion
Canada has been an international leader in initiating public HPV vaccination programs for males in some jurisdictions, alongside Australia and Austria. It is important for policy-makers to be cognizant that HPV infection causes cancer in males as well as females, that heterosexual males will not consistently be protected by herd immunity with current rates of HPV vaccination in females, and that MSM will not be protected by female-only programs.
